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Abstract 
The living environment of marine plankton and benthos has been affected by reclamation projects. The investigation of living environment of 
marine plankton and benthos in Tianjin Harbor Industrial Zone was carried out three times from 2006 to 2008. The results showed that the 
Shannon-Weaver diversity index of phytoplankton and zooplankton decreased from 3.01 to 1.71 and 1.7 to 0.58, respectively. In addition, the 
diversity index of Shannon-Weaver of benthos decreased to zero from 1.28. The results showed that reclamation projects would change the 
living environment of marine organism, decrease the diversity of biology and change the structure of community. 
 
© 2010 Published by Elsevier Ltd. 
 
Keywords: reclamation project; ecological environment; phytoplankton; zooplankton; benthos 
1. Introduction 
 With the rapid growth of population and economic development in Tianjian, which is one of the largest coastal open city in 
north China, large-scale reclamation projects have been carried out along the coastal line. Tianjin Harbor Industrial Zone is 
located at the south of Haihe River estuary, and it is 5 km away from Tianjin Harbor-Nanjiang Petrochemical Wharf[1]. The first 
stage of planning covers about 80 square kilometers, and a heavy equipment manufacture would highlight this area as an Eco-
Port Industrial Zone in north China. 
 
However, large-scale reclamation projects have already caused a series of negative effects to the marine ecological 
environment [2-6]. Phytoplankton, the major producer of organic matter in marine, plays an important role in the matter 
recycling and energy conversion process [7]. Benthos is also an important part of halobios, and its species composition, 
distribution and seasonal changes in the population quantity would be in close relation with the living environment[8]. In recent 
years, many studies have focused on assessing the pollution status and the stability of marine ecosystems by studying the species 
diversity and community characteristics of phytoplankton or benthos[9-13]. Some studies have showed that the construction of 
reclamation projects have significantly reduced the tidal flow capacity of the coastal area, weakened the tide water power, and 
directly affected the distribution of phytoplankton and benthos habitats [14]. However, because of the different research purposes, 
time and condition, no further study relating to effects of the reclamation project on the marine environment has been carried out 
yet. 
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Based on 3 consecutive years of field investigation on the marine organisms (phytoplankton, zooplankton, and benthos) 
around Tianjin Harbor Industrial Zone and with the assistance of statistical analysis as well as the comparison with historical data, 
the changes in community characteristics of marine organisms were studied in this research, which reflect the changes in the 
marine eco-environment during the construction period of this project. The result would provide scientific basis for the 
Environmental protection in this area.  
 
2. Materials and Methods 
From 2006 to 2008, the phytoplankton, zooplankton and benthos in 8 monitoring stations (Figure 1) were sampled. 
 
The sampling was carried out in March 2006, April 2007 and April 2008. The phytoplankton and zooplankton collections 
were 2 times every station, which was during flood tide and ebb tide in one day. The benthos collection was 5 times every station 
in one day. 
2.1. Sample Collection 
The phytoplankton was collected using the method specified in "Specifications for oceanographic survey (GB/T 12763.6 - 
2007)"[15], i.e. vertically trawling with type III plankton net from bottom to surface at each station. The phytoplankton sample 
was preserved in a bottle with 5% formaldehyde, and concentrated in the lab. Species identification and cell count were carried 
out under Olympus BX-51 microscope. Average biomass was obtained from the quantitative counting frame and expressed as 
ind. /m3.  
 
The zooplankton was collected using the method specified in "Specifications for oceanographic survey (GB/T 12763.6 - 
2007)" [15], i.e. vertically trawling with type I plankton net from bottom to surface at each station.The zooplankton sample was 
preserved in a bottle with 5% formaldehyde. The biomass identification and the density analysis were carried out in the lab. The 
biomass was determined by the wet method, that was, picked the glial zooplankton (jellyfish) out firstly, the surface water of the 
rest zooplankton was absorbed, then it was weighed with the scale and the biomass in per cubic meter of water was calculated.  
 
The benthos was collected using the method specified in "Specifications for oceanographic survey (GB/T 12763.6 - 
2007)"[15], which adopts Grab Borrow device (sampling area is 0.05 m2, 5 times every monitoring station) as the sampling tool. 
The sample was fixed with 70% ethanol and was identified & analyzed in the lab. The biomass was expressed as g /m2. 
 
 
Figure. 1. Distribution of monitoring stations 
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2.2. Evaluation Methods  
According to the density of the plankton and benthos samples obtained from each station, the diversity index, uniformity, 
dominance and abundance were statistically analyzed by PRIMER[16], the formula was as follows: 
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Where H' is diversity index of species, n is total number of species in samples, Pi is ratio of numbers of i species (ni) and the 
total number of individuals (N) (ni/N or wi/W). 
  
Uniformity (Pielou index) was given by [18]: 
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Where D is dominance, N1 is the number of individuals with the first dominant species in the sample, N2 is the number of 
individuals with the second dominant species in the sample, NT is Total number of individual in the sample.  
 
 Abundance (Margalef formula) was given by [19]:  
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Where D is abundance, S is total number of species in the sample, N is number of biological individuals in the sample. 
 
According to the reference[20], index of biological diversity provided in the Specification for offshore environmental 
monitoring should be as following: H' ≥ 3.0 (excellent habitat quality), H' ≥ 2.0-3.0 (general habitat quality), H'≥ 1.0-2.0 (bad 




In April 2008, there were 17 species of phytoplankton, including 16 species of bacillariophyta and 1 species of dinoflagellates. 
The dominant species was the Coscinodiscus radiatus, Coscinodiscus oculus-iridis, Skeletonema costatum and Ditylum 
brightwellii.  
 
The average number of phytoplankton cells were 40,035 cells /m3 at flood tide, 151,334 cells /m3 at ebb tide, and the average 
number of phytoplankton for all monitoring stations was 95,685 cells /m3. According to these analyses, diatom accounted for 
most species of phytoplankton in the investigating waters, both in variety and quantity. 
 
The statistical analysis results for community characteristics of phytoplankton during the flood and ebb tide were listed in 
Table 1 and Table 2. The Shannon - Weaver biodiversity index of phytoplankton during flood tide was 1.48, which represented a 
bad habitat quality; The Weaver biodiversity index of phytoplankton during ebb tide was 1.94, which represented a bad habitat 
quality as well. 
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Table 1. Parameters for phytoplankton community characteristic during flood tide 
 
Stations Number of species Density (ind. /m3˅ d H' J D 
1 6 36882 0.46 1.42 0.47 0.91 
2 9 77823 0.62 1.73 0.50 0.77 
3 4 147529 0.29 1.01 0.39 0.92 
4 4 18001 0.35 0.97 0.38 0.88 
5 2 2750 0.26 1.02 0.51 1.00 
6 5 18000 0.42 1.44 0.51 0.85 
7 7 12528 0.59 2.22 0.70 0.65 
8 5 6764 0.47 2.00 0.71 0.74 
Ave. 5 40035 0.43 1.48 0.52 0.84 
 
Table 2. Parameters for phytoplankton community characteristic during ebb tide 
 
Stations Number of species  Density (ind. /m3˅ d H' J D 
1 7 12000  0.59  2.61  0.82  0.47  
2 8 31764  0.60  2.57  0.77  0.52  
3 12 384190  0.70  1.40  0.37  0.89  
4 7 177176  0.46  1.84  0.58  0.76  
5 8 71357  0.56  1.70  0.51  0.78  
6 9 445000  0.53  1.83  0.53  0.75  
7 6 50648  0.45  1.54  0.51  0.87  
8 8 38540  0.59  2.04  0.62  0.74  
Ave. 8  151334  0.56  1.94  0.59  0.72  
 
3.2. Zooplankton  
In April 2008, there were 4 species of zooplankton, including 23.33% of Chaetognatha, 76.67% of arthropod during the flood 
tide, and 11.15% of Chaetognatha, 88.85% of arthropod during the ebb tide. Sagitt acrassa in Chaetognatha, Calanus sinicus and 
Labidocera euchaeta in the arthropod accounted for the highest occurrance rate. They were the dominant species that had a 
higher density and were widely distributed in the investigating water area. 
 
The average density of zooplankton in the investigating area during the flood tide was 10.2 ind. /m3; the average density 
during the ebb tide was 13.26 ind. /m3. Arthropods accounted for the most part among the zooplankton, and its density reached 
to 7.82 ind. /m3, and accounted for 76.66% of plankton during the flood tide, while, during the ebb tide, the density was 11.79 
ind. /m3, and comprised of 88.86% of plankton. Sagitta crassa was the second largest species during this investigation, and its 
density was 2.38 ind. /m3, accounting for 23.34% of total individual numbers during the flood tide, and during the ebb tide, its 
density was 1.48 ind. /m3, accounting for 11.14% of the total individual numbers. 
 
The statistical analysis results for community characteristics of zooplankton during the flood and ebb tide were listed in Table 
3 and Table 4. The Shannon - Weaver biodiversity index of zooplankton during flood tide was 0.65, which represented an 
extremely bad habitat quality; The Weaver biodiversity index of zooplankton during ebb tide was 0.50, which represented an 
extremely bad habitat quality as well. 
3.3. Benthos  
In April 2008, sampling activities had been carried out in 8 stations, 5 mud samples had been collected in each station but 
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Table 3. Parameters for zooplankton community characteristic during flood tide 
 
Stations Number of species  d H' J D 
1 2 0 0.64 0.64 0.89 
2 4 0.54 0.79 0.4 0.85 
3 3 0.35 0.68 0.43 0.8 
4 2 0.46 0.56 0.56 1 
5 2 0 0.69 0.69 1 
6 3 0.33 0.69 0.43 0.79 
7 3 0.54 0.55 0.34 0.89 
8 2 0.46 0.56 0.56 1 
Ave. 2.63 0.34 0.65 0.51 0.90 
 
Table 4. Parameters for zooplankton community characteristic during ebb tide 
 
Stations Number of species  d H' J D 
1 2 0 0.64 0.64 1 
2 3 0.72 0.38 0.24 0.93 
3 2 0.25 0.56 0.56 1 
4 3 0.3 0.66 0.41 0.85 
5 3 0.72 0.38 0.24 3.33 
6 4 0.51 0.54 0.27 0.9 
7 4 0.67 0.37 0.19 0.91 
8 3 0.57 0.47 0.3 0.95 
Ave. 3 0.47 0.50 0.36 1.23 
 
4. Discussion 
4.1. Phytoplankton  
In March 2006, the Shannon - Weaver diversity index of phytoplankton obtained in the stations mentioned above was 3.01, 
and represented an excellent habitat quality. In April 2007, the Shannon - Weaver diversity index of phytoplankton obtained in 
the stations was 1.70, and represented a bad habitat quality. In April 2008, the Shannon - Weaver diversity index was 1.71, and 
represented a bad habitat quality. The phytoplankton diversity index showed a decreasing trend and the marine habitat quality 
degraded from good to bad, which showed that the reclamation project has been changed the living environment of 
phytoplankton. 
 
In April 2008, the findings of the phytoplankton abundance and uniformity index were 0.49 and 0.55, respectively. They were 
relatively lower, but the dominance was 0.78, which was relative higher. According to the related investigations conducted in 
2006 [11]. The abundance and uniformity were 1.05 and 0.73, respectively, and the dominance was lower, about 0.52. It seems 
that the phytoplankton diversity during the there years has been significantly reduced. 
 
Based on our investigation in March 2006, April 2007 and April 2008, the change of the biomass data of phytoplankton was 
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Table 5. The change of biomass data of phytoplankton  
 
Investigation time Average Cell No. (ind. /m3˅ 
Mar. 2006 309100 
Apr. 2007 14449 
Apr. 2008 95685 
 
As shown in Table 5, the number of phytoplankton has significantly decreased, which indicates that the marine environment 
during the construction period has changed significantly.  
4.2. Zooplankton  
In March 2006, the Shannon - Weaver diversity index of zooplankton obtained in the stations mentioned above was 1.70, and 
represented a bad habitat quality. In April 2007, the Shannon - Weaver diversity index of zooplankton obtained in the stations 
was 0.60, and represented an extremely bad habitat quality. In April 2008, the Shannon - Weaver diversity index was 0.58, and 
represented an extremely bad habitat quality. The results indicate a decreasing trend of the zooplankton diversity index during 
the three years.  
 
In April 2008, the zooplankton abundance was 0.41, and the uniformity index was 0.44, which were relative lower, but the 
dominance was 1.07, which was very high. It indicates that the zooplankton diversity is very low. 
 
Based on our investigation in March 2006, April 2007 and April 2008, the change of the biomass data of zooplankton was 
listed in Table 6. 
 
Table 6. The change of biomass data of zooplankton  
 
Investigation time Density˄ind. /m3˅ Biomass˄mg /m3˅ 
Mar. 2006 67 145.23 
Apr. 2007 10.97 11.36 
Apr. 2008 11.73 7.7 
 
As shown in Table 6, the density and biomass of zooplankton were significantly decreased, which is indicating that the marine 
environment during the construction period has changed significantly.  
4.3. Benthos  
In March 2006, the Shannon - Weaver diversity index of benthos obtained in the stations was 1.28, and represented a bad 
marine habitat quality. In April 2007, the Shannon - Weaver diversity index of benthos obtained in the stations was was 1.11, and 
represented a bad habitat quality. In April 2008, the Shannon - Weaver diversity index was 0. 
 
Based on our investigation in March 2006, April 2007 and April 2008, the change of the biomass data of benthos was listed in 
Table 7. 
 
Table 7. The change of biomass data of benthos  
 
Investigation time Density˄ind. /m3˅ Biomass˄mg /m3˅ 
Mar. 2006 48.17 11.08 
Apr. 2007 122.22 4.72 
Apr. 2008 0 0 
 
As shown in Table 7, the habitat environment of benthos was significantly changed, and it was directly related to the dredging 
of the bottom caused by the reclamation project in the area. 
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5. Conclusion 
During 2006 - 2008, the Shannon - Weaver diversity index of phytoplankton, zooplankton, and benthos have decreased from 
3.01 to 1.71, from 1.70 to 0.58, and from 1.28 to 0, respectively. At the same time, the comparison among the abundance, 
dominance, uniformity index, biological density, biomass showed a decreasing marine biodiversity, community structure 
changes as well as marine ecosystem environmental change.  
 
The reclamation projects in Tianjin Harbor Industrial Zone have significantly affected the growth and reproduction and 
distribution of phytoplankton, thus affecting the growth and distribution of zooplankton which feed on the phytoplankton. 
Further more, the dredging work on the bottom has directly affected the living environment of benthos and led to the extinction 
of benthos. In addition, the project has brought land-sourced pollutants, industrial sewage and so on which would also lead to 
negative influence to the marine life. In short, the project significantly affects the marine environment and leads to decreased 
biodiversity as well as changing of community structures. 
 
 Human should focus on the eco-system while gaining huge social and economic benefits from land reclamation project, the 
overall planning from ecological perspective point of view should be formed, the comprehensive accessing indictor system 
should be established and the sustainable development of coastal ecological environment should be maintained.  
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